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(54) A method of controlling data routing on a network 



(57) A method of controlling data path routing in a 
network comprises assigning to a path a priority for con- 
nection, reconnection and holding; calculating a route 
for the path as a series of links between nodes (A to G); 
allocating resources to the path at each link that it 
traverses, taking the resources from lower priority paths 
it required; monitoring for failure of any link and discon- 
necting any path using the link resulting in path failure 
accordingto the holding priority of the path or monitoring 
for a connect request according to connect priority of the 
new path; on occurrence of a failure or connect request, 



searching for a suitable route with free capacity; if no 
suitable route has free capacity, then searching for a 
route which has sufficient capacity allocated to paths 
with a lower holding priority than the reconnect priority 
of the path where the link has failed, or the connect pri- 
ority of the new path; taking over at each link the re- 
sources of the path with the lower priority, such that the 
path is re-connected or the new path is connected; and 
checking that a path with a lower priority whose resourc- 
es are taken has the lowest holding priority of any such 
path on each link. 
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Description 

[0001] This invention relates to a method of controlling data routing on a network. 

[0002] In a network, tor example a telephone network, paths are created with different priorities. In general, paths 
5 are allocated different priorities according to their status and the action required, e.g. a connect priority, reconnect 

priority and holding priority. Where a link in a high priority path fails, it is important to reconnect it as soon as possible. 

Networks are often set up with redundant links that can be taken over by high priority paths immediately. However, this 

results in the under utilisation of the network components and reduces the total amount of traffic which can be sent. A 

system has been proposed in which a low priority path is taken over to enable a failed link in a high priority path to be 
10 reconnected. However, this relies on the fault being spotted by a supervisor, a request to the nearest lower priority 

path being sent to release that path, then the high priority path being connected through the link requested. This is 

time consuming and rarely the most efficient use of resources. 

[0003] Another system is described in US 6,151,304 in which a network is set up to the extent that there is no 
contention over routes, then a parallelisation mechanism is applied to further reduce contention by permitting multiple 
15 demands to be routed in parallel. However, this system relies on pre-computing a suitable route in the case of failure, 
then instructing it to be set up if a failure occurs. However, if the path is pre-computed then the pre-computed restoration 
path needs to be updated whenever there is a change in the network. 

[0004] In accordance with the present invention a method of controlling data path routing in a network comprises 
assigning to a path a priority for connection, reconnection and holding; calculating a route for the path as a series of 

20 links between nodes; allocating resources to the path at each link that it traverses, taking the resources from lower 
priority paths if required; monitoring for failure of any link and disconnecting any path using the link resulting in path 
failure according to the holding priority of the path or monitoring for a connect request according to connect priority of 
the new path; on occurrence of a failure or connect request, searching for a suitable route with free capacity; if no 
suitable route has free capacity, then searching for a route which has sufficient capacity allocated to paths with a lower 

25 holding priority than the reconnect priority of the path where the link has failed, or the connect priority of the new path; 
taking over at each link the resources of the path with the lower priority, such that the path is re-connected or the new 
path is connected; and checking that a path with a lower priority whose resources are taken has the lowest holding 
priority of any such path on each link. 

[0005] The present invention is able to maintain a high utilisation of the system, whilst being able to take over link 
30 resources from a lower priority path as soon as a fault develops on a high priority path. Where a failure has occurred, 
the paths may revert to their original routes after the failure has been rectified, thereby minimising the down time for 
the lower priority path as well as providing an effective method of keeping high priority paths connected. The present 
invention minimises the number of redundant components required and allows much higher utilisation of the network, 
without the overhead involved in pre-computing the possible alternatives in case of failure. 
35 [0006] Low priority paths are able to use capacity in the network whilst there is no failure condition on the provisioned 
paths, but these low priority paths are taken over if their capacity is required to restore a high priority path. By doing 
the calculation of the restoration path at failure time the best restoration path at the time of failure can be calculated. 
[0007] The invention is applicable to various networks, such as multi-protocol label switching networks, asynchronous 
transfer mode networks, synchronous digital hierarchy networks and voice networks, but preferably, the network com- 
prises an automatically switched optical network. 

[0008] Preferably, each priority is allocated a value between 1 and 4. 

[0009] An example of a method of controlling data routing on a network according to the present invention will now 
be described with reference to the accompanying drawing in which:- 

45 Figure 1 illustrates a network in which the paths are routed by a method according to the invention. 

[0010] In a network having nodes and links between the nodes, a path is set up between a start and end point. The 
path is allocated a set of priorities for connection, i.e. set up priority during service provisioning; re-connection, i.e. set 
up priority during failure recovery; and holding, i.e. priority once established. The priorities for each state are preferably 

50 set to an integer value between 1 and 4, where 1 is the highest priority, although other systems are equally appropriate. 
Before taking over link resources between two nodes to restore a path after failure, the system applies the method of 
the present invention to assess first whether there is a link with free capacity, then whether there is a link with paths 
with a lower holding priority than the re-connect priority of the path requiring restoration; and if this is true, that these 
paths have the lowest holding priority of any possible such paths to reconnect the path. Only having satisfied this third 

55 requirement, does the system take over the link resources in question to disconnect the lower priority path and allow 
the higher priority path to reconnect or to connect through that link. 

[0011] The present invention allows for link resources allocated to lower priority paths to be taken over to enable 
restoration of higher priority paths if a failure occurs, or by higher priority paths being connected when subscriber 
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requirements change. The system also supports arbitration between different path connections if there is competition 
over resources when the paths are first set-up. When arbitrating between paths, only one of each path's priority at- 
tributes is used. Which one depends on the path's state. Thus during initial set-up, the connect priority is used. Once 
the path has been established, the holding priority is used and in the event that restoration is required, the re-connect 
5 priority is used. 

[001 2] By way of example, a network that supports connections of a single fixed bandwidth is described. In such a 
network, link capacity and utilisation can be specified as a number of paths. However, the invention can also be applied 
to networks that support paths with variable bandwidths. Each node holds the following database for each of its links. 

10 Link Capacity total number of connections that the link can support 

Priority 1 utilisation number of established connections at holding priority 1 

Priority 2 utilisation number of established connections at holding priority 2 

Priority 3 utilisation number of established connections at holding priority 3 

Priority 4 utilisation number of established connections at holding priority 4 
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[0013] This information is flooded throughout the network using a link state protocol. Note that priority level utilisation 
information is only distributed for those priorities that have established connections. This optimises the signalling traffic 
volume. 

[0014] In the following the term pre-empt is defined to mean the act of taking the link resources currently allocated 
to a path (the pre-empted path) and disconnecting that path, with the intention of re-allocating those resources to 
another path (the pre-empting path). 

[0015] When a connection is initially set up or restored, the method applies the following procedures in support of a 
connection priority A routing algorithm implements the following rules: 

1. A path is only pre-empted if no path with free capacity, and which satisfies any constraints or requirements 
specified, is found; 

2. If a path is pre-empted, then the path pre-empted must have a lower holding priority than the connect or re- 
connect priority of the new path; 

3. If a path is pre-empted, then it must have the lowest possible holding priority of all established paths on that link. 

[0016] The routing algorithm finds the optimal route obeying these rules by performing iteratively a basic routing 
algorithm until it is successful, at each iteration increasing the scope of existing connections that can be pre-empted, 
as described by the pseudo code in Table 1 below. By way of example, in the algorithm below, the basic algorithm is 
the constraint shortest path first algorithm. However, other basic algorithms can be used such as widest shortest path 

35 first. 
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if initial setup 

this„priority 

else 

this_priority 

endif 

for each link 

capacity = link_capacity 

for each priority i 

capacity = capacity - priority_i_utilization 

end for 
end for 

next__preempt_priority = 4 
repeat 

perform basic CSPF 
if path found 

exit success 
else if next_preempt_priority <= this_priority 

exit failure 

else 

for each link 

i = next_preempt_priority 

capacity = capacity + priority_j_utilization 
end for 

next_preempt_priority = next_preernpt__priority — 1 

end if 
end repeat 

[0017] A specific example of a network in which the method of the present invention is applied is illustrated in Fig. 
1 . This shows a network having 7 nodes, A to G and four locations 1 to 4. A connection path is set up between locations 
1 and 2, running through nodes E : A and B using a known routing algorithm, such as constrained shortest path first 
(CSPF). A second path is set up between locations 3 and 4, running through nodes F, D, C and G. The priorities 
allocated to this second path are lower than those allocated to the first path. In this example, the links only have the 
resources to create one path, so if there is a failure of the link along the path between 1 and 2, then a restoration path 
is dynamically created between 1 and 2 via nodes D and C, and the path between 3 and 4 is severed. Before taking 
over the resources of the link between D and C, the system applies the method of the present invention to assess first 
whether there is a route across links with free capacity, then whether there is a route across links carrying paths with 
a lower holding priority than the re-connect priority of the path from 1 to 2; and when doing this, it is ensured that these 
links carry paths with the lowest holding priority of any possible such links to reconnect the path from 1 to 2 by first 
considering resources allocated to paths with the lowest holding priority, then the next lowest holding priority and so 
on. At each link where existing paths have to be pre-empted to free resources, the ones with the lowest holding priority 
of any possible paths are pre-empted. 

[0018] The present invention is applicable to any type of networkthat supports paths or connections, but is particularly 
suitable for increasing efficiency of utilisation of automatically switched optical networks. 
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Claims 

1. A method of controlling data path routing in a network, the method comprising assigning to a path a priority for 
connection , reconnection and holding; calculating a route for the path as a series of links between nodes; allocating 

5 resources to the path at each link that it traverses, taking the resources from lower priority paths if required; mon- 

itoring for failure of any link and disconnecting any path using the link resulting in path failure according to the 
holding priority of the paLh or monitoring for a connect request according to connect priority of the new path; on 
occurrence of a failure or connect request, searching for a suitable route with free capacity; if no suitable route 
has free capacity, then searching for a route which has sufficient capacity allocated to paths with a lower holding 

10 priority than the reconnect priority of the path where the link has failed, or the connect priority of the new path; 

taking over at each link the resources of the path with the lower priority, such that the path is re-connected or the 
new path is connected; and checking that a path with a lower priority whose resources are taken has the lowest 
holding priority of any such path on each link. 

15 2. A method according to claim 1 , wherein the network comprises an automatically switched optical network. 

3. A method according to claim 1 or claim 2, wherein each priority is allocated a value between 1 and 4. 
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(57) A method of controlling data path routing in a 
network comprises assigning to a path a priority for con- 
nection, reconnection and holding; calculating a route 
for the path as a series of links between nodes (A to G); 
allocating resources to the path at each link that it 
traverses, taking the resources from lower priority paths 
if required; monitoring for failure of any link and discon- 
necting any path using the link resulting in path failure 
accordingto the holding priority of the path or monitoring 
for a connect request according to connect priority of the 
new path ; on occurrence of a failure or connect request, 



searching for a suitable route with free capacity; if no 
suitable route has free capacity, then searching for a 
route which has sufficient capacity allocated to paths 
with a lower holding priority than the reconnect priority 
of the path where the link has failed, or the connect pri- 
ority of the new path; taking over at each link the re- 
sources of the path with the lower priority, such that the 
path is re-connected or the new path is connected; and 
checking that a path with a lower priority whose resourc- 
es are taken has the lowest holding priority of any such 
path on each link. 
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